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[57] ABSTRACT 

Novel antifungal agents having the formula: 

10 OH 

Wherein R is hydrogen or —C(O)—R1 Wherein R1 is 
alkenyl, C2—C12-alkyl, aryl, arylalkenyl, arylalkyl, aryl 
aryl-, arylalkoXy-aryl-, aryloXyl-aryl-, aryl-aryl-aryl- or 
aryla1koXy-aryl-aryl-, or pharmaceutically acceptable salts, 
esters or prodrugs thereof, as Well as pharmaceutical 

compositions comprising such compounds, (ii) methods of 
treatment using such compounds, and (iv) methods and 
fungal cultures useful in making the same. 

17 Claims, 9 Drawing Sheets 
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ANTIFUNGAL FUSACANDINS 

This application is a continuation-in-part of US. patent 
application Ser. No. 370,934, ?led Jan. 10, 1995, Which is 
incorporated herein in its entirety, and hereafter is US. Pat. 
No. 5,585,251. 

TECHNICAL FIELD 

The present invention relates to novel fungal isolates of 
potential medicinal value as Well as chemically modi?ed 
derivatives thereof. More particularly, the invention relates 
to compounds isolated from cultures of the Fusarium genus, 
Fusarium sambucinum species, herein designated 
“fusacandins”, as Well as chemically modi?ed derivatives 
thereof Which possesses antifungal activity, as Well as to 
methods and cultures of microorganisms useful for the 
preparation of fusacandins or fusacandin analogs, pharma 
ceutical compositions containing such compounds, and the 
use thereof in treating fungal infections. 

BACKGROUND OF THE INVENTION 

The compounds of the present invention are related to 
those of the papulacandin class, described in J. Antibiotics 
33(9):967—977 (1980). Papulacandins include BE-29602, 
disclosed in a published Japanese patent application of 
Banyu Pharmaceutical Co. (No. JP05170784-A, published 
Jul. 9, 1993) and isolated from a Fusarium species of fungus, 
and chaetiacandin, disclosed in J. Antibiotics 38(4):455—45 9 
(1985) and J. Antibiotics 38(4):544—546 (1985). The fusa 
candins are distinct from the papulacandin compounds, 
hoWever, in that they contain three sugar moieties not 
previously described in connection With other members of 
this class. 

SUMMARY OF THE INVENTION 

It has noW been found that novel antifungal agents of the 
papulacandin class, herein designated “fusacandins”, may 
be obtained by the fermentation of certain cultures belong 
ing to the fungal strain Fusarium sp. AB 1900A-1314. 

Accordingly, in one aspect of the present invention are 
disclosed compounds of the formula: 

15 

25 

35 

40 

2 
on naphthyl must have feWer than 8 carbon atoms; or a 
pharmaceutically acceptable acid, ester or prodrug thereof. 

Typical R1 groups are C2—C12-alkenyl groups containing 
one, tWo or three double bonds, C2—C2-alkyl, phenyl, 
naphthyl, anthracenyl, phenanthrenyl, biphenylenyl, styryl, 
benZyl, naphthylmethyl, biphenyl, naphthyl-phenyl-, 
phenyl-naphthyl-, benZyloXy-phenyl-, benZyloXy-naphthyl-, 
phenoXy-phenyl-, biphenyl-phenyl-, and benZyloXy 
biphenyl. Preferred eXamples Where R1 is alkenyl contain 
from four to tWelve carbon atoms and tWo or three double 
bonds, especially about eight to ten carbon atoms and tWo or 
three double bonds. 

Examples Where R1 is alkenyl having tWelve or feWer 
carbon atoms and tWo or three double bonds are trans,cis 
1,3-nonadienyl, trans,cis,trans-1,3,6-nonatrienyl, and trans, 
trans-1,2-nonadienyl. 

In another aspect of the present invention are disclosed 
pharmaceutical compositions Which comprise a compound 
of the invention in combination With a pharmaceutically 
acceptable carrier. 

In a further aspect of the invention is disclosed a method 
of suppressing or inhibiting a fungal infection in a patient in 
need of such treatment, comprising administering to the 
patient a therapeutically effective amount of a compound of 
the invention. 

In yet another aspect of the invention, a process for 
preparing the compounds of the invention is disclosed Which 
comprises the steps of (a) culturing a microorganism having 
substantially all the characteristics of F usarium sambucinum 
species AB 1900A- 1314 under suitable conditions in a 
fermentation medium containing assimilable sources of car 
bon and nitrogen; (b) alloWing the desired compound to 
accumulate in the fermentation medium; and (c) isolating 
the compound from the fermentation medium. Preferably, 
the microorganism to be cultured is Fusarium strain NRRL 
21252 or a mutant or derivative thereof. Synthetic processes 
for preparing other compounds of the invention are 
described beloW. 

Similarly, in an additional aspect of the present invention 
is disclosed a biologically pure culture of a microorganism 
capable of producing the compounds of the invention, 
namely, a microorganism having substantially all the char 
acteristics of Fusarium sambucinum species AB 1 900A 

(1) 

OH 

10 OH 

as Well as a pharmaceutically acceptable salt, ester of 60 1314. Preferably, the microorganism is Fusarium strain 
prodrug thereof. 

In the above formula (I), R is hydrogen or —C(O)—R1 
Wherein R1 is alkenyl, C2—C12-alkyl, aryl, arylalkenyl, 
arylalkyl, aryl-aryl-, arylalkoXy-aryl-, aryloXy-aryl, 
arylalkyl-aryl-,aryl-aryl-aryl- or arylalkoXy-aryl-aryl-, With 
the proviso that When aryl is naphthyl, alkoXy substutuents 

65 

NRRL 21252 or a mutant or derivative thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will be better understood in con 
nection With the folloWing ?gures, in Which: 

FIG. 1 is a proton nuclear magnetic resonance (NMR) 
spectrum of Fusacandin A in CD3OD; 
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FIG. 2 is a carbon NMR spectrum of Fusacandin A in 

CDBOD; 0 

FIG. 3 is an infrared (IR) spectrum of Fusacandin A 
acquired in microscope mode; 

FIG. 4 is a proton NMR spectrum of Fusacandin B in 

CD3OD; 
FIG. 5 is a carbon NMR spectrum of Fusacandin B in \ 

CD3OD; 
FIG. 6 is an IR spectrum of Fusacandin B acquired in 

microscope mode; 

10 

CH3, 

FIG. 7 is a proton NMR spectrum of Fusacandin C in 
CD3OD; in Which instance the compound is designated fusacandin 

15 - 

FIG. 8 is a carbon NMR spectrum of Fusacandin C in C’ 
CD301); and A preferred embodiment of the present invention is a 

FIG. 9 is an IR spectrum of Fusacandin C acquired in Compound of Formula I: 
microscope mode. 

OH O I 

\\ \\9 

R\O O OUOH 
‘I - ‘I 

HO O 

HO HO OH 

35 

Wherein R is —C(O)—R1 Where R1 is alkenyl, aryl, 
DETAILED DESCRIPTION OF THE arylalkyl, aryl-phenyl-, arylalkoXy-phenyl-, aryloXy-phenyl, 

INVENTION aryl-aryl-phenyl- or arylalkoXy-aryl-phenyl-; or a pharma 
40 ceutically acceptable acid, ester or prodrug thereof. 

A more preferred embodiment of the present invention is 
a compound of Formula I Wherein R is —C(O)—R1 Where 
R1 is an alkenyl groups containing 10 or feWer carbon atoms 

of the formula: and tWo and three double bonds, phenyl, naphthyl, 
45 anthracenyl, phenanthrenyl, biphenylenyl, styryl, benZyl, 

O naphthylmethyl, biphenyl, naphthyl-phenyl-, phenyl 
naphthyl-, benZyloXy-phenyl-, benZyloXy-naphthyl-, 

I \ phenoXy-phenyl-, biphenyl-phenyl-, or benZyloXy-biphenyl 
Wherein phenyl or aryl groups are unsubstituted or substi 
tuted With one or tWo groups selected from C1—C5-alkyl, 
allyloXy, C1—C8-alkoXy, methylenedioXy, and hydroXy. 

In one embodiment of the present invention, R is a radical 

50 

An even more preferred embodiment of the present inven 
tion is a compound of Formula I Wherein R is —C(O)—R1 
Wherein R1 is phenanthrenyl, unsubstituted biphenyl or 
biphenyl substituted With C1—C3-alkyl or C1—C3-alkoXy. 

Preferred compounds are compounds of Formula I 
Wherein R is selected from the group consisting of: 

CH3, 55 

in Which instance the compound is designated fusacandin 60 O 

A; 
In another embodiment of the present invention, R is 

hydrogen, in Which instance the compound is designated / 
fusacandin B; 65 \ CH3, 

In yet another embodiment of the present invention, R is 
a radical of the formula: 
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-continued -continued 
0 O 

/ / 
5 

CH3, <0 
O O , 

Q/CD/‘K’ 10 0 

Et , 
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and 

40 0 MW CH3. 

More preferred compounds are compounds of Formula I 
Wherein R is selected from the group consisting of: 

O 

O E O 

250 m o 

55 
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Et , 
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-continued 
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As used throughout this speci?cation and in the appended 

claims, the following terms have the meanings speci?ed: 
The term “biologically pure” as used herein refers to 

fungal cultures Which are substantially free from biologi 
cally active contaminants. 

The terms “loWeralkyl” or “alkyl” as used herein refer to 
straight or branched chain alkyl radicals containing from 1 
to 20 carbon atoms, sometimes represented as Cn—Cm-alkyl 
Where n and m respectively represent the mininum and 
maximum number of carbon atoms in the alkyl radical. 
Examples of loWeralkyl include, but are not limited to, 
methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec 
butyl, t-butyl, n-pentyl, l-methylbutyl, 2,2-dimethylbutyl, 
2-methylpentyl, 2,2-dimethylpropyl, n-hexyl and the like. 

The term “alkylamino” as used herein refers to R6NH— 
Wherein R6 is a loWeralkyl group, for example, ethylamino, 
butylamino, and the like. 

The term “dialkylamino” as used herein refers to 
R7R8N— Wherein R7 and R8 are independently selected 
from loWeralkyl, for example diethylamino, methyl 
propylamino, and the like. 

The term “alkenyl” as used herein refers to a branched or 
straight hydrocarbon chain comprising tWo to tWenty carbon 
atoms, preferably four to tWelve carbon atoms, especially 
about eight to ten carbon atoms, Which also comprises one 
or more carbon-carbon double bonds, preferably about one 
to three double bonds. The exact number of double bonds, 
in part, depends on the length of the alkenyl radical. Double 
bonds are typically separated by at least one single bond and 
exist in either a cis or trans con?guration. Compounds of the 
invention may either have a knoWn con?guration or may 
exist as a mixture of isomers. Variations in these parameters, 
i.e., number of double bonds and cis or trans con?guration, 
result in a Wide variety of compounds, all of Which are 
encompassed by the invention. Representative alkenyl 
groups include, but are not limited to, trans,cis- 1,3 
nonadienyl; trans,cis,trans-1,3,6-nonatrienyl; trans,trans-1, 
2-nonadienyl; 2-propenyl (i.e., allyl); 3-methyl-2-butenyl; 

1O 

35 

40 
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55 
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8 
3,7-dimethyl-2,6-octadienyl; 4,8-dimethyl-3,7-nonadienyl; 
3,7,11-trimethyl-2,6,10-dodecatrienyl and the like. 
The term “alkenyloxy” as used herein refers to a branched 

or straight hydrocarbon chain comprising tWo to tWelve 
carbon atoms Which also comprises one or more carbon 
carbon double bonds Which is linked to the parent molecular 
moiety through an oxygen atom. Representative alkenyloxy 
groups include 2-propenyloxy (i.e., allyl) and the like. 
The term “alkoxy” or “loWer alkoxy” as used herein refers 

to R*O— Wherein R* is a loWeralkyl group, as de?ned 
above. Alkoxy may also be represented as Cn—Cm-alkoxy 
Where n and m respectively represent the mininum and 
maximum number of carbon atoms in the alkoxy radical. 
Examples of alkoxy include, but are not limited to, methoxy, 
ethoxy, propoxy, isopropoxy, n-butyloxy, tert-butoxy, and 
the like. 
The term “aryl” as used herein refers to a mono-, fused 

bicyclic or fused tricyclic carbocyclic ring system having 
one or more aromatic rings including, but not limited to, 
phenyl, naphthyl, tetrahydronaphthyl, phenanthrenyl, 
biphenylenyl, indanyl, indenyl and the like. The term “bicy 
clic aryl” as used herein includes naphthyl, 
tetrahydronaphthyl, indanyl, indenyl and the like. The term 
“tricyclic aryl” as used herein includes anthracenyl, 
phenanthrenyl, biphenylenyl, ?uorenyl, and the like. Aryl 
groups (including bicyclic and tricyclic aryl groups) can be 
unsubstituted or substituted With one, tWo or three substitu 
ents independently selected from loWeralkyl, haloalkyl, 
alkoxy, thioalkoxy, amino, alkylamino, dialkylamino, 
alkenyloxy, hydroxy, halo, mercapto, nitro, carboxaldehyde, 
carboxy, alkoxycarbonyl and carboxamide. Substituents also 
include methylenedioxy and ethylenedioxy. In addition, 
substituted aryl groups include tetra?uorophenyl and pen 
ta?uorophenyl. 
The term “aryl-aryl-” as used herein refers to tWo aryl 

groups Which are the same or different linked by a covalent 

bond. Examples of aryl-aryl- include, but are not limited to, 
biphenyl, 4-(1-naphthyl)phenyl, 4-(2-naphthyl)phenyl, 
4-phenylnaphth-1-yl and the like. The covalent linking 
bonds in aryl-aryl- are preferably para, ie 1,4-; and the 
preferred aryl-aryl-group is biphenyl. 

The term “aryloxy-aryl” as used herein refers to tWo aryl 
groups Which are the same or different linked by an oxygen 

(—O—) atom. Examples of aryloxy-aryl include, but are not 
limited to, 4-phenoxyphenyl, 3-phenoxyphenyl, 4-phenoxy 
l-naphthyl and the like. 
The term “aryl-aryl-aryl-” as used herein refers to three 

aryl groups Which are the same or different linked to each 

other by covalent bonds. Examples of aryl-aryl-aryl 
include, but are not limited to, 4-(biphenyl)phenyl, 
4-(biphenyl)naphth- 1 -yl, 6-(biphenyl)naphth-2-yl and the 
like. The covalent linking bonds in aryl-aryl-aryl- are pref 
erably para, ie 1,4-; and the preferred aryl-aryl-aryl- group 
is 4-(biphenyl)phenyl. 
The term “arylalkyl” as used herein refers to an aryl group 

as previously de?ned, appended to a loWeralkyl radical, for 
example, benZyl and the like. 
The term “arylalkenyl” as used herein refers to an aryl 

group as previously de?ned, appended to a loWer alkenyl 
radical, for example, cinnamyl and the like. 
The term “arylalkoxy” as used herein refers to an aryl 

group as previously de?ned, appended to a loWer alkoxy 
radical, for example, benZyloxy, l-naphthylmethoxy and the 
like. 
The term “fusacandin” as used herein refers to a nucleus 

of structure 
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For example, 6‘-propionyl fusacandin Would have a 
CH3CH2C(O)—functionality attached at the site of substi 
tution indicated above. 

The term “hydroxy-protecting group” or “O-protecting 
group” as used herein refers to a removable substituent 
Which protects hydroxyl groups against undesirable reac 
tions during synthetic procedures such as those O-protecting 
groups disclosed in T. H. Greene and P. G. M. Wuts, 
“Protective Groups in Organic Synthesis”, 2nd edition, John 
Wiley & Sons, NeW York (1991), Which is incorporated 
herein by reference. O-protecting groups comprise substi 
tuted methyl ethers, for example, methoxymethyl, 
benZyloxymethyl, 2-methoxyethoxymethyl, 
2-(trimethylsilyl)ethoxymethyl, t-butyl, benZyl and triph 
enylmethyl; tetrahydropyranyl ethers; substituted ethyl 
ethers, for example, 2,2,2-trichloroethyl; silyl ethers, for 
example, trimethylsilyl, triethylsilyl, t-butyldimethylsilyl 
and t-butyldiphenylsilyl; and esters prepared by reacting the 
hydroxyl group With a carboxylic acid, for example, acetate, 
propionate, benZoate and the like. 

The term “hydroxy-protecting reagent” as used herein 
refers to those reagents Which react With the hydroxy 
functionality to give the hydroxy protecting groups 
described above. For example, the hydroxy-protecting 
reagent triethylsilyl tri?ate affords the triethylsilyl hydroxy 
protecting group. These reagents are described in Greene 
and Wuts, “Protective Groups In Organic Synthesis,” 2nd 
edition, John Wiley & Sons, NeW York (1991). 

The term “mutant or derivative” as used herein refers to 
fungal strains Which are obtained by mutageniZation or 
genetic modi?cation of F usarium sambucinum strain NRRL 
21252 by techniques readily knoWn in the art. 

The term “pharmaceutically acceptable salts, esters, and 
prodrugs” as used herein refers to those carboxylate salts, 
esters, and prodrugs of the compound of the present inven 
tion Which are, Within the scope of sound medical 
judgement, suitable for use in contact With With the tissues 
of humans and loWer animals With undue toxicity, irritation, 
allergic response, and the like, commensurate With a rea 
sonable bene?t/risk ratio, and effective for their intended 
use, as Well as the ZWitterionic forms, Where possible, of the 
compounds of the invention. Pharmaceutically acceptable 
salts are Well knoWn in the art and refer to the relatively 
non-toxic, inorganic and organic acid addition salts of the 
compound of the present invention. For example, S. M. 
Berge, et al. describe pharmaceutically acceptable salts in 
detail in J. Pharmaceutical Sciences, 66: 1—19 (1977) Which 
is incorporated herein by reference. The salts can be pre 
pared in situ during the ?nal isolation and puri?cation of the 
compounds of the invention, or separately by reacting the 
free base function With a suitable organic acid. Examples of 
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pharmaceutically acceptable, nontoxic acid addition salts are 
salts of an amino group formed With inorganic acids such as 
hydrochloric acid, hydrobromic acid, phosphoric acid, sul 
furic acid and perchloric acid or With organic acids such as 
acetic acid, oxalic acid, maleic acid, tartaric acid, citric acid, 
succinic acid or malonic acid or by using other methods used 
in the art such as ion exchange. Other pharmaceutically 
acceptable salts include adipate, alginate, ascorbate, 
aspartate, benZenesulfonate, benZoate, bisulfate, borate, 
butyrate, camphorate, camphorsulfonate, citrate, 
cyclopentanepropionate, digluconate, dodecylsulfate, 
ethanesulfonate, formate, fumarate, glucoheptonate, 
glycerophosphate, gluconate, hemisulfate, heptanoate, 
hexanoate, hydroiodide, 2-hydroxy-ethanesulfonate, 
lactobionate, lactate, laurate, lauryl sulfate, malate, maleate, 
malonate, methanesulfonate, 2-naphthalenesulfonate, 
nicotinate, nitrate, oleate, oxalate, palmitate, pamoate, 
pectinate, persulfate, 3-phenylpropionate, phosphate, 
picrate, pivalate, propionate, stearate, succinate, sulfate, 
tartrate, thiocyanate, p-toluenesulfonate, undecanoate, val 
erate salts, and the like. Representative alkali or alkaline 
earth metal salts include sodium, lithium, potassium, 
calcium, magnesium, and the like. Further pharmaceutically 
acceptable salts include, When appropriate, nontoxic 
ammonium, quaternary ammonium, and amine cations 
formed using counterions such as halide, hydroxide, 
carboxylate, sulfate, phosphate, nitrate, loWeralkyl sulfonate 
and aryl sulfonate. 
Examples of pharmaceutically acceptable, non-toxic 

esters of the compounds of this invention include C1 to C6 
alkanoyl esters Wherein the alkanoyl group is a straight or 
branched chain. Esters of the compounds of the present 
invention may be prepared according to conventional meth 
ods. 
The term “pharmaceutically acceptable prodrugs” as used 

herein refers to those prodrugs of the compounds of the 
present invention Which are, Within the scope of sound 
medical judgement, suitable for use in contact With With the 
tissues of humans and loWer animals Without undue toxicity, 
irritation, allergic response, and the like, commensurate With 
a reasonable bene?t/risk ratio, and effective for their 
intended use, as Well as the ZWitterionic forms, Where 
possible, of the compounds of the invention. The term 
“prodrug” refers to compounds that are rapidly transformed 
in vivo to yield the parent compound of the above formula, 
for example by hydrolysis in blood. A thorough discussion 
is provided in T. Higuchi and V. Stella, Pro-drugs as Novel 
Delivery Systems, Vol. 14 of the A.C.S. Symposium Series, 
and in EdWard B. Roche, ed., Bioreversible Carriers in Drug 
Design, American Pharmaceutical Association and Perga 
mon Press, 1987, both of Which are incorporated herein by 
reference. 
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Where appropriate, prodrugs of derivatives of compounds 
of the present invention may be prepared by any suitable 
method. For those compounds in Which the prodrug moiety 
is an amino acid or peptide functionality, the condensation 
of the amino group With amino acids and peptides may be 
effected in accordance With conventional condensation 
methods such as the aZide method, the mixed acid anhydride 
method, the DCC (dicyclohexyl-carbodiimide) method, the 
active ester method (p-nitrophenyl ester method, 
N-hydroxy-succinic acid imide ester method, cyanomethyl 
ester method and the like), the WoodWard reagent K method, 
the DCC-HOBT (1-hydroxy-benZotriaZole) method and the 
like. Classical methods for amino acid condensation reac 
tions are described in M. Bodansky, Y. S. Klausner and M. 
A. Ondetti, Peptide Synthesis, Second Edition, NY, 1976, 
Which is incorporated herein by reference. 

Asymmetric centers may exist in the compounds of the 
present invention. Cis and trans isomers may also exist in the 
compounds of the present invention. Except Where other 
Wise noted, the present invention contemplates the various 
stereoisomers, cis and trans isomers and mixtures thereof. 

The compounds of the invention exhibit in vitro activity 
as antifungal agents against a variety of fungal organisms 
and inhibit (1,3)-[3-glucan synthetase. They are therefore 
expected to be useful in the treatment of fungal infections in 
mammals. When used in such treatment, a therapeutically 
effective amount of the compound of the present invention 
may be employed in pure form or, Where such forms exist, 
in pharmaceutically acceptable salt, ester or prodrug form. 
Alternatively, the compound may be administered as phar 
maceutical compositions containing the compound of inter 
est in combination With one or more pharmaceutically 
acceptable excipients. By a “therapeutically effective 
amount” of the compound of the invention is meant a 
sufficient amount of the compound to treat the targeted 
disorder, at a reasonable bene?t/risk ratio applicable to any 
medical treatment, Which is administered in such quantities 
and over such a period of time as is necessary to obtain the 
desired therapeutic effect. It Will be understood, hoWever, 
that the total daily usage of the compounds and composi 
tions of the present invention Will be decided by the attend 
ing physician Within the scope of sound medical judgement. 
The speci?c therapeutically effective dose level for any 
particular patient Will depend upon a variety of factors 
including the disorder being treated and the severity of the 
disorder; activity of the speci?c compound employed; the 
speci?c composition employed; the age, body Weight, gen 
eral health, sex and diet of the patient; the time of 
administration, route of administration, and rate of excretion 
of the speci?c compound employed; the duration of the 
treatment; drugs used in combination or coincidental With 
the speci?c compound employed; and like factors Well 
knoWn in the medical arts. For example, it is Well Within the 
skill of the art to start doses of the compound at levels loWer 
than required to achieve the desired therapeutic effect and to 
gradually increase the dosage until the desired effect is 
achieved. 

The total daily dose of the compound of this invention 
administered to a human or loWer animal may range from 
about 0.1 to about 100 mg/kg/day or for topical administra 
tion from about 0.1 to about 10% in cream, ointment or other 
topical formulation or for rectal or vaginal administration 
from about 10 to about 500 mg per dose in a suitable vehicle. 
For purposes of oral administration, doses may be in the 
range of from about 1 to about 100 mg/kg/day or, more 
preferably, of from about 10 to about 20 mg/kg/day. If 
desired, the effective daily dose may be divided into multiple 

15 

25 

35 

40 

45 

55 

65 

12 
doses for purposes of administration; consequently, single 
dose compositions may contain such amounts or submul 
tiples thereof as make up the daily dose. 
The pharmaceutical compositions of the present invention 

comprise a compound of the invention and a pharmaceuti 
cally acceptable carrier or excipient, Which may be admin 
istered orally, rectally, parenterally, intracisternally, 
intravaginally, intraperitoneally, topically (as by poWders, 
ointments, or drops), bucally, or as an oral or nasal spray. By 
“pharmaceutically acceptable carrier” is meant a non-toxic 
solid, semi-solid or liquid ?ller, diluent, encapsulating mate 
rial or formulation auxiliary of any type. The term 
“parenteral” as used herein refers to modes of administration 
Which include intravenous, intramuscular, intraperitoneal, 
intrasternal, subcutaneous and intraarticular injection and 
infusion. 

Pharmaceutical compositions of this invention for 
parenteral injection include pharmaceutically acceptable 
sterile nonaqueous solutions or aqueous dispersions, sus 
pensions or emulsions as Well as sterile poWders for recon 
stitution into sterile injectable solutions or dispersions just 
prior to use. Examples of suitable aqueous and nonaqueous 
carriers, diluents, solvents or vehicles include Water, 
ethanol, polyols (such as glycerol, propylene glycol, poly 
ethylene glycol, and the like), carboxymethylcellulose and 
suitable mixtures thereof, vegetable oils (such as olive oil), 
and injectable organic esters such as ethyl oleate. Proper 
?uidity can be maintained, for example, by the use of 
coating materials such as lecithin, by the maintenance of the 
required particle siZe in the case of dispersions, and by the 
use of surfactants. 

These compositions may also contain adjuvants such as 
preservative, Wetting agents, emulsifying agents, and dis 
persing agents. Prevention of the action of microorganisms 
may be ensured by the inclusion of various antibacterial and 
antifungal agents, for example, paraben, chlorobutanol, phe 
nol sorbic acid, and the like. It may also be desirable to 
include isotonic agents such as sugars, sodium chloride, and 
the like. Prolonged absorption of the injectable pharmaceu 
tical form may be brought about by the inclusion of agents 
Which delay absorption such as aluminum monostearate and 
gelatin. 

In some cases, in order to prolong the effect of the drug, 
it is desirable to sloW the absorption of the drug from 
subcutaneous or intramuscular injection. This may be 
accomplished by the use of a liquid suspension of crystalline 
or amorphous material With poor Water solubility. The rate 
of absorption of the drug then depends upon its rate of 
dissolution Which, in turn, may depend upon crystal siZe and 
crystalline form. Alternatively, delayed absorption of a 
parenterally administered drug form is accomplished by 
dissolving or suspending the drug in an oil vehicle. 

Injectable depot forms are made by forming microencap 
sule matrices of the drug in biodegradable polymers such as 
polylactide-polyglycolide. Depending upon the ratio of drug 
to polymer and the nature of the particular polymer 
employed, the rate of drug release can be controlled. 
Examples of other biodegradable polymers include poly 
(orthoesters) and poly(anhydrides) Depot injectable formu 
lations are also prepared by entrapping the drug in liposomes 
or microemulsions Which are compatible With body tissues. 
The inj ectable formulations can be steriliZed, for example, 

by ?ltration through a bacterial-retaining ?lter, or by incor 
porating steriliZing agents in the form of sterile solid com 
positions Which can be dissolved or dispersed in sterile 
Water or other sterile injectable medium just prior to use. 

Solid dosage forms for oral administration include 
capsules, tablets, pills, poWders, and granules. In such solid 
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dosage forms, the active compound is mixed With at least 
one inert, pharmaceutically acceptable excipient or carrier 
such as sodium citrate or dicalcium phosphate and/or a) 
?llers or extenders such as starches, lactose, sucrose, 
glucose, mannitol, and silicic acid, b) binders such as, for 
example, carboxymethylcellulose, alginates, gelatin, 
polyvinylpyrrolidone, sucrose and acacia, c) humectants 
such as glycerol, d) disintegrating agents such as agar-agar, 
calcium carbonate, potato or tapioca starch, alginic acid, 
certain silicates and sodium carbonate, e) solution retarding 
agents such as paraffin, f) absorption accelerators such as 
quaternary ammonium compounds, g) Wetting agents such 
as, for example, cetyl alcohol and glycerol monostearate, h) 
absorbents such as kaolin and bentonite clay, and i) lubri 
cants such as talc, calcium stearate, magnesium stearate, 
solid polyethylene glycols and sodium lauryl sulfate, and 
mixtures thereof. In the case of capsules, tablets and pills, 
the dosage form may also comprise buffering agents. 

Solid compositions of a similar type may also be 
employed as ?llers in soft and hard-?lled gelatin capsules 
using such excipients as lactose or milk sugar as Well as high 
molecular Weight polyethylene glycols and the like. 

The active compounds can also be in micro-encapsulated 
form With one or more excipients as noted above. The solid 
dosage forms of tablets, dragees, capsules, pills, and gran 
ules can be prepared With coatings and shells such as enteric 
coatings, release controlling coatings and other coatings 
Well knoWn in the pharmaceutical formulating art. In such 
solid dosage forms the active compound may be admixed 
With at least one inert diluent such as sucrose, lactose or 
starch. Such dosage forms may also comprise, as is normal 
practice, additional substances other than inert diluents, e.g., 
tableting lubricants and other tableting aids such a magne 
sium stearate and microcrystalline cellulose. In the case of 
capsules, tablets and pills, the dosage forms may also 
comprise buffering agents. They may optionally contain 
opacifying agents and can also be of a composition that they 
release the active ingredient(s) only, or preferentially, in a 
certain part of the intestinal tract, optionally, in a delayed 
manner. Examples of embedding compositions Which can be 
used include polymeric substances and Waxes. 

The active compounds can also be in micro-encapsulated 
form, if appropriate, With one or more of the above 
mentioned excipients. 

Liquid dosage forms for oral administration include phar 
maceutically acceptable emulsions, solutions, suspensions, 
syrups and elixirs. In addition to the active compounds, the 
liquid dosage forms may contain inert diluents commonly 
used in the art such as, for example, Water or other solvents, 
solubiliZing agents and emulsi?ers such as ethyl alcohol, 
isopropyl alcohol, ethyl carbonate, ethyl acetate, benZyl 
alcohol, benZyl benZoate, propylene glycol, 1,3-butylene 
glycol, dimethyl formamide, oils (in particular, cottonseed, 
groundnut, corn, olive, castor and sesame oils), glycerol, 
tetrahydrofurfuryl alcohol, polyethylene glycols and fatty 
acid esters of sorbitan, and mixtures thereof. 

Besides inert diluents, the oral compositions can also 
include adjuvants such as Wetting agents, emulsifying and 
suspending agents, and sWeetening, ?avoring and perfuming 
agents. 

Suspensions, in addition to the active compounds, may 
contain suspending agents as, for example, ethoxylated 
isostearyl alcohols, polyoxyethylene sorbitol and sorbitan 
esters, microcrystalline cellulose, aluminum metahydroxide, 
bentonite, agar-agar, and tragacanth, and mixtures thereof. 

Topical administration includes administration to the skin 
or mucosa, including surfaces of the lung and eye. Compo 
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sitions for topical administration, including those for 
inhalation, may be prepared as a dry poWder Which may be 
pressuriZed or non-pressuriZed. In non-pressuriZed poWder 
compositions, the active ingredient in ?nely divided form 
may be used in admixture With a larger-siZed pharmaceuti 
cally acceptable inert carrier comprising particles having a 
siZe, for example, of up to 100 micrometers in diameter. 
Suitable inert carriers include sugars such as lactose. 
Desirably, at least 95% by Weight of the particles of the 
active ingredient have an effective particle siZe in the range 
of 0.01 to 10 micrometers. 

Dosage forms for topical or transdermal administration of 
a compound of this invention include ointments, pastes, 
creams, lotions, gels, poWders, solutions, sprays, inhalants 
or patches. The active component is admixed under sterile 
conditions With a pharmaceutically acceptable carrier and 
any needed preservatives or buffers as may be required. 
Ophthalmic formulation, ear drops, eye ointments, poWders 
and solutions are also contemplated as being Within the 
scope of this invention. 

Alternatively, the composition may be pressuriZed and 
contain a compressed gas, such as nitrogen or a liqui?ed gas 
propellant. The liqui?ed propellant medium and indeed the 
total composition is preferably such that the active ingredi 
ent does not dissolve therein to any substantial extent. The 
pressuriZed composition may also contain a surface active 
agent. The surface active agent may be a liquid or solid 
non-ionic surface active agent or may be a solid anionic 
surface active agent. It is preferred to use the solid anionic 
surface active agent in the form of a sodium salt. 

Compositions for rectal or vaginal administration are 
preferably suppositories Which can be prepared by mixing 
the compounds of this invention With suitable non-irritating 
excipients or carriers such as cocoa butter, polyethylene 
glycol or a suppository Wax Which are solid at room tem 
perature but liquid at body temperature and therefore melt in 
the rectum or vaginal cavity and release the active com 
pound. 

The compound of the present invention can also be 
administered in the form of liposomes. As is knoWn in the 
art, liposomes are generally derived from phospholipids or 
other lipid substances. Liposomes are formed by mono- or 
multi-lamellar hydrated liquid crystals that are dispersed in 
an aqueous medium. Any non-toxic, physiologically accept 
able and metaboliZable lipid capable of forming liposomes 
can be used. The present compositions in liposome form can 
contain, in addition to a compound of the present invention, 
stabiliZers, preservatives, excipients, and the like. The pre 
ferred lipids are the phospholipids and the phosphatidyl 
cholines (lecithins), both natural and synthetic. Methods to 
form liposomes are knoWn in the art. See, for example, 
Prescott, Ed., Methods in Cell Biology, Volume XIV, Aca 
demic Press, NeW York, NY, 1976, p. 33 et seq. 
The compounds of the present invention may be produced 

by culturing, in appropriate media, fungal microorganisms 
Which are capable of producing fusacandins. The com 
pounds are produced When the culture is groWn in a station 
ary fermentation With a culture medium containing a source 
of carbon and a source of nitrogen. Media Which are useful 
include an assimilable source of carbon such as starch, 
sugar, molasses, glycerol, a combination of glucose plus 
molasses, etc.; an assimilable source of nitrogen such as 
protein, protein hydrolysate, polypeptides, amino acids, pep 
tone plus yeast extract or Whole yeast, etc.; and other 
optional organic and inorganic ingredients Which can be 
added to stimulate production of the fusacandin compounds. 
For example, inorganic anions and cations including 
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potassium, magnesium, calcium, ammonium, sulfate, 
carbonate, phosphate, chloride, etc. may be added to the 
medium. Further, buffers such as calcium carbonate can be 
added to aid in controlling the pH of the fermentation 
medium. The stationary fermentation may include a solid 
support to increase the surface area available for fungal 
groWth. Suitable supports include Shredded Wheat Spoon 
SiZe®, rolled oats, barley, cracked corn, rice, millet, corn 
bran, Wheat bran, oat bran, vermiculite, etc. The culture may 
be incubated in stationary vessel (Without movement) or in 
a cylindrical or other vessel Which is rolled or agitated to 
increase aeration. Other culture methods, such as a liquid, 
submerged, agitated culture process are feasible. In these 
cases, aeration may be provided by forcing sterile air 
through the fermentation medium. Agitation can be provided 
by shaking the container or by stirring the culture, for 
example, With a mechanical stirrer. The fermentation is 
generally carried out in a temperature range of from about 
15° C. to about 35° C. The pH of the fermentation is 
preferably maintained betWeen 3 and 9. The compound is 
produced and accumulated betWeen 3 and 28 days after 
inoculation of the fermentation medium. 

Subsequent to the fermentation process, the fusacandin 
compounds can be extracted from the fermentation broth as 
for example With ethyl acetate/acetone solvent mixtures. 
Partial puri?cation of the active components can be achieved 
by sequential trituration of the organic extract With organic 
solvents such as ethyl acetate, ethanol and methanol in order 
to selectively remove the desired organic compounds. The 
extracts may be further puri?ed by use of various partition 
ing solvent systems such as, for example, chloroform/ 
methanol/Water, hexane/ethyl acetate/methanol/Water, or 
ethanol/ethyl acetate/Water. Further puri?cation and separa 
tion of individual components can be achieved by counter 
current chromatography in solvent systems such as, for 
example, ethyl acetate/ethanol/Water, chloroform/methanol/ 
Water, or chloroform/carbon tetrachloride/methanol/Water, 
and/or by adsorption onto silica gel and subsequent elution 
With organic solvents and solvent mixtures such as ethyl 
acetate, chloroform and methanol. SiZe exclusion chroma 
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tography on resin such as SEPHADEX® LH-20, developed 
in a solvent such as methanol, affords the pure compound. 

In yet another aspect of the present invention are dis 
closed processes useful in the preparation of the above 
compounds represented in Schemes I and II. 

In Scheme I, fusacandin A (1) is treated With an hydroxy 
protecting reagent (for example, triethylsilyl tri?ate or tri 
methylsilyl tri?ate or triethylsilyl chloride or trimethylsilyl 
chloride) to give the protected fusacandin derivative 2 
(Wherein R‘ is an hydroxy protecting group). Reduction of 
the ester functionality (for example, using a reducing reagent 
such as diisobutyl aluminum hydride or lithium aluminum 
hydride or selectrides and the like) at the 6‘-position of 
compound 2 affords the 6‘-alcohol compound 3. The 
hydroxymethyl functionality is acylated (for example, using 
an acid chloride or an acid anhydride) to give the 6‘-acyl 
compound 4 (Wherein R is as de?ned above herein). 
Alternatively, the hydroxymethyl functionality may be 
reacted With a carboxylic acid compound in the presence of 
4-dimethylamninopyridine and a coupling reagent such as 
dicyclohexylcarbodiimide to give compound 4. 
The acid chlorides, anhydrides and carboxylic acids 

(R1—C(O)—Cl, R1—C(O)—O—C(O)—R1 and 
R1—CO2H respectively) are either commercially available 
or readily prepared using organic synthesis methods knoWn 
in the art. 
The hydroxy protecting groups are removed (for example, 

using HF in acetonitrile or tetrabutylammonium ?uoride in 
THF or acetic acid and the like) to give the desired com 
pound 5. 

In a preferred embodiment shoWn in Scheme II, fusacan 
din A (1) is treated With triethylsilyl (TES) tri?ate in 
collidine to give the TES-protected fusacandin derivative 
(6). Reduction of the ester functionality using diisobutyl 
aluminum hydride affords the 6‘-hydroxymethyl compound 
(7). The hydroxymethyl functionality is acylated (for 
example, using an acid chloride or an acid anhydride) to give 
compound 8. The hydroxy protecting groups are removed 
(for example, using HF in acetonitrile or tetrabutylammo 
nium ?uoride in THF) to give the desired compound 9. 

Scheme I 
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